by clinical trialists. The findings suggest that when developing education interventions, emphasis should be placed on the topics most directly related to patient care, and factors such as age and education level should be considered.
INTRODUCTION
Clinical trials are critical to advancing oncology patient care, and yet recruitment to trials typically does not exceed 10% of the adult population with cancer [1] [2] [3] . There are many obstacles to recruitment. They can include the availability of an appropriate trial, physician comfort in recruiting patients, eligibility restrictions of the research protocol 4 , patient comorbidity, and practical considerations such as time commitment and transportation 5 . Fundamental to patient recruitment and valid consent to a clinical trial is that patients understand and accept the principles that directly affect their care 6 . This is an active area of research, although to date, that research has had a limited impact on recruitment.
Patients considering a clinical trial face several uncertainties that may dissuade them from consenting to join. The potential benefits and the risks of toxicity are by definition unclear 7 . Studies of trial candidates suggest poor understanding of the consent process and of the rationale for clinical trials 4, [8] [9] [10] . Furthermore, core methods of clinical trials such as placebos and randomization may appear unfair or even unethical to patients and may represent a loss of control 3, [11] [12] [13] .
With the goal of improving patient knowledge and facilitating trials recruitment, several studies have developed education interventions. Generally, but not exclusively 14, 15 , those studies have suggested that teaching tools can improve patient understanding of a
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Background
Recruitment to clinical trials remains poor, and patient knowledge of clinical trials is one barrier to recruitment. To identify knowledge deficits, we conducted and compared surveys measuring actual patient knowledge and clinical trialist priorities for patient knowledge.
Methods
Consenting patients at a tertiary cancer centre answered a survey that included • 2 opinion questions about their own knowledge and willingness to join a trial, and • 22 knowledge questions.
Clinical researchers at the centre were asked 13 questions about the importance of various trials factors.
Results
Of 126 patients surveyed, 16% had joined a clinical trial, and 42% had a secondary school education or less. The mean correct response rate on the knowledge questions was 58%. Higher rates of correct responses were associated with lower age ( p = 0.05), greater education ( p = 0.006), prior trial participation ( p < 0.001), agreement or strong agreement with perceived understanding of trials ( p < 0.001), and willingness to join a clinical trial ( p = 0.002).
Trialists valued an understanding of the rationale for clinical trials and of randomization, placebo, and patient protection, but those particular topics were poorly understood by patients.
Conclusions
Patient knowledge about clinical trials is poor, including knowledge of several concepts ranked important specific clinical trial or of clinical trial methods 11, [16] [17] [18] [19] . Education can improve apparent willingness to join a clinical trial 2, 18, 20, 21 , but it is not clear that such willingness translates into improved trial recruitment 2, 17, 20 .
Limits to existing educational material include the use of complex language 18 , limits on the time that patients have to absorb new knowledge, and related limits on the content that can be conveyed 3, 22, 23 . Those factors suggest that better-focused educational material may better improve the understanding of trials by patients and thereby improve recruitment. One untried means of improving focus is to better define the key areas of patient knowledge through a survey of active clinical trialists.
To guide the development of future education interventions, we surveyed patient concerning their knowledge of clinical trial concepts, and we surveyed clinical trialists concerning their priorities for patient knowledge. Our primary objective was to investigate the current state of knowledge of clinical trials in patients from a general cancer patient population, and to compare that knowledge with the priorities for knowledge determined from trialists. The findings from the present study will inform the development of new educational materials aimed at improving recruitment to clinical trials at our centre.
METHODS
We conducted a cross-sectional survey of patients attending the Juravinski Cancer Centre, a tertiary oncology centre in Hamilton, Ontario, from July 2011 to September 2011. Patients were approached in person in the clinic and chemotherapy suite waiting rooms and invited to participate. Eligible participants were required to have a current diagnosis of cancer, to be 18 years of age or older, and to be able to speak English. The study was approved by the Hamilton Health Sciences research ethics board, and it conforms to the Declaration of Helsinki. Consenting patients completed a 25-item questionnaire measuring their understanding of key concepts in clinical trials. The questionnaire included demographic questions, two 5-point Likert opinion questions, 22 true/false/unsure knowledge questions, and one free-text space asking what would help the respondent to better understand trials. Demographic information collected included sex, age, cancer type, date of first visit to the cancer centre, highest level of education, and previous participation in clinical trials. The questionnaire was developed by the authors to broadly capture information about trials methods and to overlap with the content of the survey circulated to clinical trialists.
The trialist survey contained 13 Likert questions, plus free text, on the relative importance of selected clinical trials factors in terms of patient knowledge. The questions related to why trials are important, how patients are protected, the concepts of randomization and placebo use, and other, similar issues.
All physicians and clinical trial coordinators at the Juravinski Cancer Centre were surveyed through the Web-based SurveyGizmo service (http://www. surveygizmo.com) in September 2011.
During development, the patient survey and the trialist survey were both shared with members of the clinical trials department and with our patient educator for feedback aimed at optimizing simplicity, clarity, and face validity. Both surveys are available as online appendixes to the present paper.
Statistical Analysis
Our goal was to acquire a survey sample sufficient to make general inferences about trials knowledge. Hypothesizing that patients with less formal education would fare more poorly on a test of trials knowledge and thus require additional education support, we sought a representative sample of that particular group. It was estimated that a sample size of 125 patients would be required to obtain 50 patients with a high school education or less, so as to provide reasonably accurate inferences for that population. With 50 patients, a 95% confidence interval (ci) for the true proportion with a correct response to a given question would have a maximum width of less than 0.30. That is, if exactly 25 of 50 respondents were to correctly answer a specific question, the 95% ci would range from 0.36 to 0.64, with smaller widths as the sample proportion moves away from 0.50. This level of accuracy was deemed sufficiently precise to allow for a reasonable estimation of patient knowledge.
Descriptive statistics were used to assess the proportion of correct answers and to summarize patient and trialist characteristics. A summary score was calculated by giving each correct response 1 point and each incorrect or "unsure" response, 0 points. Variables were dichotomized for statistical purposes. Pearson correlation coefficients (r), t-tests and analysis-of-variance techniques were used to investigate patient factors associated with summary scores and the percentage of patients who agreed or strongly agreed with the statement "If I had the option, I would definitely consider joining a clinical trial." Logistic regression was used to explore whether a patient's summary score was associated with willingness to participate in a clinical trial. Statistical significance was defined at the α = 0.05 level, and all tests and cis are two-sided.
RESULTS
Patient Survey
For the 126 patients who completed the survey, median age was 61 years, and 58.7% were men ( Table i) . The most common malignancies were breast (15.9%) and colorectal cancer (14.3%), with patients having attended the cancer centre for a median of 1.4 years.
Of the respondents, 84% had never joined a clinical trial, and just under half had completed a secondary school education or less.
Half the patients (50%) agreed or strongly agreed that they understood clinical trials. The mean number of correct answers to the content portion of the patient questionnaire was 12.8 of a possible 22 (58.3%). The number of correct answers was inversely related to age (p = 0.021, r = -0.206, Table ii) . Patients who had previously participated in a clinical trial (mean score: 79.5% vs. 54.3% for nonparticipants; p < 0.001) and those with educational certification beyond secondary school (mean: 63.4% vs. 51.8% for those with less education; p = 0.006) achieved higher scores. Higher questionnaire scores were also associated with agreement or strong agreement on the part of the patient about their perceived understanding clinical trials (mean: 68.4% vs. 48.3% for those giving other answers; p < 0.001) and agreement or strong agreement about their willingness to join a clinical trial (mean: 63.8% vs. 51.1% for those who gave other answers; p = 0.002).
Slightly more than half the patients (57.2%) agreed or strongly agreed that they would join a clinical trial if they had the opportunity. Patients who had previous clinical trial experience (100% vs. 49.1% for those who had not such experience, p < 0.001) and patients who had been coming to the cancer centre for more than 1 year (67.1% vs. 43.4% for those who had been coming for a shorter time; p = 0.011) were more likely to express willingness to join a clinical trial (Table ii) . Patients who agreed or strongly agreed with the statement "I have a good understanding about how clinical trials work" were also more likely to be willing to join a clinical trial (76.2% vs. 38.1%, p < 0.001). Similarly, patients with higher knowledge scores more commonly agreed or strongly agreed that they would consider joining a clinical trial (70.8% agreement for a score of 60% or better vs. 42.6% for a score of less than 60%, p = 0.002; data not shown). For every 10% increase in knowledge score, the odds of the patient being willing to join a clinical trial increased by a factor of 1.27 (odds ratio: 1.27; 95% ci: 1.08 to 1.50).
In response to the prompt "What would help you in understanding clinical trials better," 43 patients provided text comments. The most common response was a request for more information in general (18 patients), including 2 patients seeking Web site information. Three patients sought information about the history or results of earlier studies and the resultant marketing of related drugs. Information concerning the benefits, risks, and procedures in specific studies was requested by 5 patients. Three patients thought that there would be value in talking to previous clinical trial participants.
Trialist Survey
Of 76 individuals surveyed, 52 (68.4%) responded, and 47 (61.8%) completed the entire survey. The individuals completing the survey included 11 clinical trial coordinators, 16 medical oncologists, 11 radiation oncologists, and 9 surgical oncologists. The remaining 5 surveys were discarded as grossly incomplete. Several themes were deemed particularly important (ranked as important or very important by 80% or more of the respondents, Table iii ). It was felt that patients should understand the necessity of clinical trials (98%), the nature of a clinical trial (96%), and the phases of clinical trials (deemed important somewhat less frequently at 72%). The role of randomization (83%) and of placebos (85%) was emphasized, as was an understanding patient protection (89%) and the reasons for consent (91%). Conversely, an understanding of details such as statistics (36%) and pharmacokinetics (34%) was less often deemed important. We observed no differences in knowledge priorities between the types of respondents.
Free-text comments were offered by 16 trialists. Four respondents felt that patients should understand that clinical advances require clinical trials or that existing drugs are available as a result of earlier clinical trials. Three respondents felt that patients should be aware of the added effort that might be required of them by trial participation. Two respondents suggested that patients might take comfort from their physician's positive belief in a clinical trial.
Patient-Trialist Survey Relationship
In general, patients did not demonstrate a high level of understanding of several topics important to trialists. Regarding the nature of clinical trials, most patients understood that laboratory data alone are insufficient to support general patient use (84.1%), but fewer understood that hearsay of human efficacy was insufficient (54.8%). Many patients (73.8%) understood that a clinical trial could test efficacy, but only 51.6% understood that it could assess toxicity.
Several other key areas were poorly understood. A slight majority of the respondents understood that Patients who agreed or strongly agreed that they would be willing to join a clinical trial scored better on several questions related to the priority themes. For example, they more frequently understood that clinical trials assessed efficacy (85% vs. 59%, p = 0.002), that the experimental drug was not always received (71% vs. 50%, p = 0.026), that placebo use does not mean that standard therapy is withheld (35% vs. 15%, p = 0.014), and that placebo use limits bias (60% vs. 33%, p = 0.004). They also better understood their right to withdraw from a trial (47% vs. 26%, p = 0.017). Positive trends were also seen in the understanding that trials might test toxicity, that randomization limits bias, and that patients have a right to know about new serious side effects.
DISCUSSION
Clinical trials are the backbone of improvements in oncologic patient care, but significant barriers to recruitment persist. One such barrier is patient uncertainty about clinical trial processes and rationale, which can include an aversion to randomization, use of placebo, and the sense of being treated as a "guinea pig" 3, [11] [12] [13] 24 . Improvements in patient understanding of trial methodology and patient safety could improve interest in and recruitment to clinical trials.
Our study found an average correct response rate of 58.3% to a trials questionnaire, which is only slightly better than chance. Although tests and scoring systems differ, studies of general patient populations have shown similar results 11, 17, 18 . By comparison, a study involving participants in clinical trials showed higher knowledge scores 22 , consistent with a similar subset in our data. Our study, together with that of Kruse et al. 18 , differs in that it assesses the rationale for trial methods in addition to their practical application. For example, our questions on randomization elicit an understanding of bias rather than only an understanding that randomization will determine whether the experimental treatment is received or not. It might be expected that an understanding of the concept of bias would be more complex and lead to lower scores. On questions about randomization and placebo, our data suggest that the foregoing expectation is in fact true.
Several demographic factors were associated with higher questionnaire scores. Unsurprisingly, patients with previous clinical trial experience fared better, as did patients with a higher level of education and those who were younger. Other authors have found younger age and higher education to be associated with improved trial-related knowledge 25 , but some studies have found no such relationship 7, 22 . In general, patients were also good judges of their own knowledge level, with those who agreed that they understood clinical trials achieving higher scores.
The relationship between an individual's willingness to join a clinical trial and other factors was explored. Patient confidence in their own knowledge and higher scores on the questionnaire were associated with an increased willingness to join a trial. In addition, patients willing to join a trial more frequently correctly answered questions of priority to trialists, such as those relating to patient protection and the use of randomization and placebo, topics that relate most immediately to patient care.
Education interventions have sometimes translated into a greater declared willingness to join clinical trials in oncology 2, 18 , but the resulting recruitment has often failed to improve 17, 19, 23 . That failure may have several causes. First, the relatively small population size in the available studies limits detection of recruitment and might be disadvantaged if willingness cannot be matched with trial availability. Second, learning time may be important. Available data suggest that trials education may improve only short-term willingness to join 20 and that patients prefer the opportunity to learn over time and through different means 3 . Single-event education interventions might not sustain awareness, understanding, and confidence in the clinical trials process. Certainly, the acquisition and retention of trials knowledge must compete with the stresses and information intake related to each patient's disease and standard treatment options. To our knowledge, our survey of trialist priorities for patient knowledge is unique. Our findings suggest that trialists value knowledge related to patient protection, the basic nature and importance of clinical trials, and the rationale for the use of randomization and placebo-all areas of poor understanding among the surveyed patients. Conversely, trialists minimized the importance of methodologic issues less directly apparent in patient care.
Our study suffers from several limitations. Recruitment of willing patient volunteers was performed at a single academic centre, which may skew the population and responses. However, the fact that Canada has a public health care system means that most patients seek care based on their geographic region, and thus the available population should be representative of our regional catchment area of 1.4 million 1 . A response bias is also possible, with participants indicating their willingness to join a trial based on their perception of the desired response to that question. Although the questions themselves were designed to avoid bias, a different set of questions might have elicited a different result. The trialist study population was relatively small, limiting inferences concerning trialist preferences and their relationship to the level of patient knowledge. Finally, extensive statistical testing was undertaken, and the results must be considered exploratory.
CONCLUSIONS
The present study measured the current understanding of clinical trials among patients and ascertained knowledge areas accorded priority by clinical trialists. The aim was to facilitate the development of educational material. Encouragingly, the data showed a moderate level of expressed interest in joining clinical trials. Conversely, it found that the understanding of the rationale for common trials methods is poor.
Several findings should guide future work. The more pronounced knowledge deficit found for respondents of greater age and lesser education suggest the importance of accessibility. It is likely that an effective teaching tool will need to be both comprehensible and available on media accessible to all. The surveys also suggest that education efforts ought to emphasize topics most directly relevant to patient care, such as patient protection and tools such as randomization and placebo use.
The relationship found between time at the cancer centre and willingness to join a clinical trial suggests that familiarity generates comfort. And yet time alone was not associated with an increase in knowledge scores. As noted in other studies, it is likely that education interventions should recur over time.
Our hope is that the development of more indepth educational materials will improve patient comprehension of important issues in clinical trials and will ultimately improve recruitment.
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Definitions
Drug
Also known as a medicine, a drug is taken by mouth or given into the vein to make people better.
Experimental drug
A new drug is called an experimental drug until it has been fully tested in humans.
Clinical trial
A clinical trial is a research study with human volunteers to answer a health question.
For Questions 1 and 2, please circle the number that represents best how you feel. 
What would help you in understanding clinical trials better?
We want to make sure we help everybody, from every background. Please help us by answering the following question.
Highest level of education (place check mark on appropriate line)
No formal education
Grade school (completed a grade between grades 1-8)
High school
Completed trade school, college, or university
